Sleep disordered breathing (SBD) increases in prevalence as we age, most likely due to physiological and physical changes that occur with ageing. Additionally, SDB is associated with comorbidity and its subsequent polypharmacy, which may increase with increasing age. Finally, the increased prevalence of SDB is intrinsically linked to the obesity epidemic. SDB is associated with serious outcomes in younger people and, likewise, older people. Thus, identification, diagnosis and treatment of SDB is important irrelevant of age. This article reviews the age-related changes contributing to SDB, the epidemiology and the risk factors for SDB in older people, the association of SDB with adverse outcomes, and diagnostic and treatment options for this population.
Introduction
The world's population is ageing, in almost every country; the proportion of people aged over 65 years is growing faster than any other age group, as a result of both longer life expectancy and declining fertility rates. According to the World Health Organization, the number of older people, defined as aged 65 years or older, is projected to grow from an estimated 524 million in 2010 to nearly 1.5 billion in 2050, with most of the increase in developing countries [1] .
It is recognised older people have a diversity of health and functionality that may not be associated with their chronological age. For example, some individuals age well without serious disease and have preserved normal function; this would be considered healthy ageing [2] . At the other end of the spectrum, others may have significant comorbidities, leading to functional impairment, and would be considered frail. This is considered "pathological ageing", and there may be a wide spectrum and variation from person to person.
Sleep disordered breathing (SDB) is an umbrella term used to describe disorders of respiratory pattern or quantity of ventilation that occur periodically during sleep. The term is commonly associated with the condition obstructive sleep apnoea (OSA), upon which this review will concentrate, but can also include primary or secondary central sleep apnoea (CSA), Cheyne-Stokes respiration, high-altitude periodic breathing, nonobstructive hypoventilation, or hypoxaemia disorders secondary to pulmonary parenchymal, vascular, neuromuscular or chest wall disorders.
SDB is a common condition in older people, although estimates vary considerably due to the population studied, the diagnostic criteria applied and the heterogeneity of the older population. SDB is associated with significant morbidity in younger or middle-aged populations. However, Sleep disordered breathing at the extremes of age: the elderly it cannot be assumed that older people with SDB suffer from the same consequences as those in younger populations. We do not know what is considered physiological or pathological in terms of the severity of SDB in this population and it remains unclear how we should apply the current evidence for treatment to the extremes of age or a frail older population.
Epidemiology
The Prevalence of SDB in older people in the general population can vary from 20% to 40%; this is a large variation and a more conservative estimate would suggest that the prevalence is at least double that seen in younger age groups [3, 4] . Data also demonstrate the prevalence steadily increases with advancing age, with a plateau between 60 and 65 years of age [5] . In a classic study that defined SDB as an apnoea-hypopnea index (AHI) >10 events⋅h −1 with the symptom of excessive daytime sleepiness (EDS), SDB was present at 3.2%, 11.3% and 18.1% in the 20-44, 45-64 and 61-100-year age groups, respectively [6] . This trend was also seen in women and, additionally, the sex difference is less apparent after menopause.
Although there is a clear consensus in the literature that the prevalence of SDB is significantly increased in older people, the estimates vary considerably, as demonstrated in table 1. Some of this wide variation can be explained by the differences in the definition of the SDB, the diagnostic threshold used and the heterogeneity of the population studied (e.g. healthy general population versus nursing home residents, where prevalence rates reach as high as 70% [16] ). Furthermore, as the prevalence of obesity continues to increase [23] , this will be intrinsically aligned to the increased prevalence of SDB within the general population as it ages.
This higher prevalence of SDB in older people has historically led to debate regarding the potential mechanisms, clinical significance and consequences in the older population [24] .
Risk factors for the development of SDB in old people
There have been several physical and psychological mechanisms proposed for this age-related increase in SDB. NG: not given. Reproduced and modified from [22] .
A reduction in pharyngeal muscle function
Functionally, the response of the genioglossus muscle to negative pressure applied during wakefulness [25] and sleep [26, 27] is reduced in older people. Additionally, the upper airway reflex sensitivity [28] and the genioglossus response to hypoxia [29] , but not hypercapnia [30] , are also reduced in older people. Overall, these changes result in reduced upper airway muscle function at sleep onset [31] and a more collapsible upper airway [32] , with the mean ± sd critical closing pressure being −8.3 ± 2.3 cmH 2 O in older people, compared to −16.0 ± 6.9 cmH 2 O in younger people, independent of body mass index [27] .
In healthy elderly people, pharyngeal resistance during sleep is increased compared to that in younger people, indicating a possible age-related predisposition to airway collapse [27, 31, 33] .
Age-related differences in pharyngeal morphology
A decrease in the size of the upper airway lumen in older people [34, 35] associated with an age-related lengthening of the pharyngeal airway in both men [36] and women [37] , and a descent of the hyoid bone [38] , particularly in individuals with long faces [39] , which leads to increased airway resistance and a predisposition to airway collapse.
The central control of breathing
The central control of breathing is relatively stable in older people [40] , although arousal frequency increases with age [41] [42] [43] . Arousal from sleep leads to hyperventilation and relative hypocapnia, which can promote respiratory instability and periodic breathing during the subsequent period of sleep onset. A tight correlation between fluctuation in the electroencephalogram frequency and breathing patterns in older people appears to support this notion [44] .
The presence of comorbidities
The prevalence of comorbidities increases with age. It is estimated that up to 50% of patients with mild symptomatic chronic heart failure will have SDB [45] . Likewise, SDB is commonly associated with cognitive impairment [46] . Cohen et al. [47] demonstrated in a longitudinal cohort that declining cognitive function, as measured by the mini-Mental State Examination, was associated with both the increasing severity of SDB (measured by the respiratory disturbance index) and self-reported increasing daytime sleepiness. Moving through the spectrum of cognitive impairment to those patients with a diagnosis of dementia but still living in the community, reports suggest between 19% and 44% of these patients complain of sleep disturbance, the wide range in prevalence probably reflecting the lack of clear diagnosis. Finally, patients institutionalised with dementia have been studied by Ancoli-Israel et al. [48] , who reported 70% had an AHI ⩾5 events⋅h −1 , and up to 48% had an AHI ⩾20 events⋅h −1 . This high prevalence of SDB in patients diagnosed with dementia was also reflected in a study by Rose et al. [49] : 59 patients with geriatrician-diagnosed dementia with nocturnal agitation behaviour underwent two nights of in-home attended polysomnography, 49% had SDB defined as AHI >15 events⋅h −1 .
The most common cause of dementia is Alzheimer's disease, representing 60-70% of the dementias. The apolipoprotein E (APOE) gene is a common genetic risk factor for the development of Alzheimer's disease. APOE has been associated with an increased risk of developing SDB. Analysis of data from the Wisconsin Sleep Cohort Study showed a significantly higher probability of moderate to severe SDB (AHI ⩾15 events⋅h −1 ) with APOE independent of age, sex, body mass index (BMI) and ethnicity than in subjects with an AHI <15 events⋅h −1 [50] . The Sleep Heart Health study (SHHS) also showed the same gene was associated with an increased odds ratio for SDB [51] , although a meta-analysis suggested the association was weak [52] . In summary, the prevalence of SDB in patients with cognitive impairment may be as high 50%.
Taken together, these factors suggest there is an anatomical and physiological predisposition for developing SDB with increasing age and comorbidity.
Symptoms of SDB in older people
In the early 1990s, there was an emerging expert opinion that SDB was a distinct condition in older people [9] . This was fuelled by the increased prevalence of objectively measured SDB in this population but with an apparent mismatch in symptomology. This view has largely been superseded [53] , although it is recognised the presentation of SDB may be more variable in older people.
Older people report different levels of sleepiness and rate their health differently for the same level of SDB severity compared to younger populations [54] . In older people, the association with obesity is less clear [55] : older SDB patients typically have a lower BMI and neck circumference, compared to younger patients with similar disease severity [56] .
Additionally, clinical prediction models used in the diagnosis of SDB are mostly based on BMI and male sex, and have been shown to be inaccurate in groups such as women, the nonobese and older people [57] .
Alternatively, increased daytime sleepiness may be less debilitating in older people. Normal sleep patterns vary greatly with age. Older people report that they experience difficulty falling asleep and maintaining sleep, with frequent nocturnal awakenings, as well as early morning awakening [58] . Sleep becomes more fragmented with age, independent of SDB [41, 43] . The number of spontaneous arousals per hour of sleep in older people (60 years and older) can be almost double that which occurs in younger people [42] .
Age also influences diurnal preference. Morning preference appears to increase with age [59] , which may be due to changing work schedules or variation in social activities, as well as changes in the circadian and physiological requirements for sleep [60] . Sleep architecture also deteriorates with age, with a loss of deep sleep, which may be a consequence of cortical degeneration, disrupting synchronisation of neuronal activation and reducing the amplitude of delta waves detected on the electro-encephalograpy (EEG) recordings [61] . An increase in lighter sleep partially compensates for the loss of deep sleep [62] , although there is a reduction in the number of sleep spindles and K complexes within the EEG. In contrast, the duration of rapid eye movement (REM) sleep tends to remain constant throughout adulthood [63] . A reduction in the proportion of REM sleep has been reported by others [62] . These contrasting results may reflect the increased interindividual variability in sleep characteristics in older people.
Additionally, with increasing age, the prevalence of sleep disturbing comorbidities and subsequent polypharmacy increases [64] , and loss of physical activity and iatrogenic sleep disruption may contribute to excessive sleepiness. For example, nocturia is a common symptom causing sleep disruption in older people with multiple causes, which also include SDB [65] .
In summary, many factors contribute to sleep disruption in older people, and the symptom of EDS may be multifactorial in older people and obscure the interpretation of possible symptoms related to SDB. Additionally, the clinical presentation of SDB in older people may often be atypical. These factors may contribute to the lack of recognition and underdiagnosis of SDB in older adults. Therefore, although excessive sleepiness, regardless of its cause, is associated with increased all-cause mortality in older people [66] , the proportion of sleepiness that is due to SDB in older people, and hence could be modified by treatment, is unknown.
Consequences of SDB in older people
Despite this high prevalence of SDB in older people, the consequences are less clear in this population. In middle-aged populations, SDB is associated with serious cardio-and cerebrovascular, metabolic, cognitive, and functional outcomes, including increased mortality. Additional outcomes of particular interest in older people may include glaucoma [67] , falls with fractures [68] , impaired quality of life [69] , decreased pain tolerance [70] , frailty [71] and mortality [72] [73] [74] .
Cardiovascular disease
The significant cardiovascular impact of SDB on middle-aged populations has been established since community-based epidemiological studies have shown that people with untreated severe SDB have an increased incidence of coronary heart disease, myocardial infarction, heart failure, stroke and mortality after adjusting for established cardiovascular risk factors [75] . In older people, the data were less clear. There are limited studies on the long-term consequences, and epidemiological studies have shown inconsistent associations of SDB with cardiovascular risk across age and sex groups.
The SHHS [76] observational cohort showed that cardiovascular risk was more likely to be elevated in the younger (aged <65 years) than older participants. A further study by Haas et al. [20] in older people with SDB showed the risk of having hypertension was no greater than for older people without the disorder; this may be in part explained by the finding that older people have a reduced acute cardiovascular response to arousal from sleep compared to young people [77] . Thus, the poorer cardiovascular reactivity of older adults may paradoxically reduce the impact of arousal from sleep, which may be a protective response. Although a more recent prospective cohort [78] followed 939 older patients (⩾65 years of age) for 69 months, they found patients with untreated severe SDB had increased all-cause and cardiovascular mortality. The cohort was further divided into groups by severity and whether they did or did not use continuous positive airway pressure (CPAP) therapy. Patients with severe SDB (AHI >30 events⋅h −1 ) who were not treated with CPAP had the highest risk of mortality, while patients with severe SDB who were treated with CPAP had a risk of mortality similar to the group with an AHI <15 events⋅h −1 . It must be remembered that those who did not use treatment were self-selected as they had refused or were noncompliant with CPAP therapy, and the increased cardiovascular risk may be related to other factors that are associated with noncompliance, such as noncompliance with medication or advice, or adverse risk behaviour.
In summary, although the vascular risk benefits from treating SDB may be larger in older people, since the higher cardiovascular event rate in the older people implies that more events could be prevented per unit change in risk, the actual magnitude risk reduction may be less.
Cerebrovascular disease
Observational cohort studies in the general population, as discussed earlier, have also shown an increased risk of stroke [79] , although it has been difficult to determine whether SDB preceded the stroke or was independent of the confounding risk factors of age, sex, smoking, BMI, diabetes mellitus and cardiovascular disease. Arzt et al. [80] performed a longitudinal analysis of SDB and stroke risk and found moderate to severe OSA (AHI ⩾20 events⋅h −1 ) was associated with increased risk of stroke, whereas no increased risk was observed in patients with mild SDB. In this study, the increased risk of stroke appeared to be partially independent of hypertension but confounded by obesity. Yaggi et al. [81] also reported an increased incidence of stroke, including transient ischaemic attacks, or death from any cause in patients with pre-existing OSA and showed a relationship between OSA severity and risk, independent of confounding factors.
There has been one population-based cohort study in older patients (mean age 77 years). This study suggested that severe OSA (AHI ⩾30 events⋅h −1 ) increased the risk of ischaemic stroke, independently of known risk factors [82] .
Quality of life and driving
Symptomatic SDB patients are more likely to experience mood changes [83] and reduced quality of life [84] , which is often attributed to reduced social functioning and vitality [85] .
Daytime sleepiness also increases accident risk [86] , with OSA syndrome patients being two to four times more likely to have road traffic accidents as a result of reduced alertness while driving [87] [88] [89] . There have been four systematic reviews of observational studies examining the risk of road traffic accidents in OSA patients [90] [91] [92] [93] . All of the studies included in these reviews evaluated the risk of road traffic accidents in patients whose average age was below 60 years. Additionally, randomised controlled trials (RCTs) specifically in older people are unlikely to capture reductions in the rate of road traffic accidents, given their infrequency. For example, the rate of road traffic accidents in drivers aged 60-69 years within the UK is 96 per 100 000 [94] .
Cognition
Both the ageing process [95] and SDB are associated with cognitive dysfunction [96] , although the pathogenesis, sequelae and clinical presentation remain unclear [97, 98] . SDB is characterised by chronically fragmented sleep and daytime somnolence, both of which are thought to contribute to cognitive dysfunction, although the relative contribution of each remains poorly understood [46] . More recently, chronic intermittent hypoxia (the hallmark of OSA) has been proposed as a third factor contributing to hypoxia-induced neural injury and, increasingly, the research in this field has concentrated on this area.
Few studies have investigated the impact of SDB on cognitive function in older people. In those studies that have measured cognitive function in older people, cognitive impairment appears to be independently related to both SDB severity and increasing age, but the coexistence of these factors does not further increase dysfunction [99] [100] [101] . One explanation for the preservation of cognitive function in SDB patients is that neural compensation can overcome the cognitive deficits that are associated with the effects of intermittent hypoxia and/or sleep deprivation on the brain. Whether or not the capacity for neural compensation is decreased in older people, who have less neural reserve, is unknown. Recent data have shown that poorer sleep quality is associated with factors that may accelerate cognitive decline in older people and this finding requires further investigation [102] .
Diagnosis
The diagnosis of SDB has traditionally been based on nocturnal polysomnography (NPSG). This technique is expensive and requires the availability of specialised facilities and expertise, which are often not available or indeed easily accessible to frail, older, dependent adults. Pulse oximetry has been shown to be reliable in the diagnosis of moderate-to-severe SDB but of less use in mild SDB [103] . Several groups have validated the utility of limited-channel home-based testing (respiratory polygraphy) against NPSG in the diagnosis of SDB [104] . The level of agreement was moderate: 79%, rising to >90% in patients with AHI >30 events⋅h −1 . Domiciliary respiratory polygraphy typically measuring airflow, respiratory effort and pulse oximetry is now widely used in the diagnosis of SDB. Currently, there is no clear guidance on what would be considered the best test to complete in older patients. NPSG, which may be the helpful in excluding other codiagnoses or other primary sleep disorders such as insomnia, REM sleep behaviour disorder, restless leg syndrome and periodic limb movements, may be practically challenging in frail, comorbid populations.
Treatments for SDB
Treatments for SDB depend on disease severity, patient symptoms, and the presence of cardiovascular or metabolic disease. Treatments include advice on modifying lifestyle, including weight loss, stopping smoking and increasing cardiovascular exercise, improving sleep opportunity and environment, optimising medical management of comorbidities, and reducing the use of stimulants such as caffeine, and substances such as alcohol, sedatives and recreational drugs.
Positional measures and oral mandibular advancement splints are recommended in mild-to-moderate SDB, with upper airway and bariatric surgery also being considered in some patients. However, positive airway therapy or CPAP is the mainstay treatment for symptomatic younger patients with moderate to severe SDB, and the therapeutic and economic benefits have been established [105] .
Until recently, there had been a paucity of evidence for treatment of SDB in older people, with few RCTs specifically in older people, albeit that many CPAP RCTs did include older people, and their associated comorbidities including cardiovascular and cerebral vascular disease. Here, we review the evidence for CPAP therapy in older people, with a focus on RCTs.
Cardiovascular disease including heart failure
Although there is a large observational cohort study from the Spanish Sleep and Breathing Network, discussed earlier [78] , demonstrating increased cardiovascular mortality in those patients with severe SDB not using CPAP therapy, there are only four recent RCTs [93] [94] [95] [96] , three of which focus on predominantly CSA [106-108] and a particular type of positive airway pressure known as assisted servoventilation (ASV).
The results from the largest and most recent trial, SERVE HF [108] , which studied the effect of ASV on SDB, predominantly CSA, in patients with chronic heart failure across a large age range suggest that ASV may have detrimental effects, so the value of this particular type of positive airway pressure in older patients with heart failure remains uncertain.
Cerebrovascular disease
There are three studies that included stroke patients or had stroke as the primary outcome [109] [110] [111] or mortality due to stroke as a secondary outcome [110] . Two were RCTs of CPAP versus best supportive care as the control groups [110, 111] . All showed fewer stroke or vascular events in the CPAP group. The one study examining the effect of CPAP on OSA symptoms in stroke patients found no improvement [111] .
Cognition
There have been a few small, short-duration studies of CPAP treatment in older patients with cognitive impairment [112, 113] . The study by Ancoli-Israel et al. [113] randomised 78 patients with mild-to-moderate Alzheimer's disease to CPAP treatment versus sham CPAP, and concluded it was well tolerated, and reduced daytime sleepiness and some objective sleep parameters. Later, the same group completed a smaller follow-up study in the original study group and studied 10 of the original patients, five of whom continued CPAP treatment and five who discontinued CPAP [114] . This preliminary study raised the possibility that CPAP treatment may slow cognitive deterioration, although the patients were highly selected, and assessments were subjective and provided by the caregivers. Interestingly, good adherence with CPAP treatment was noted. It is generally accepted larger RCTs are still required in this population.
Symptom-related outcomes including quality of life and cost-effectiveness
There have been two recent large RCTs exclusively in older people: he PREDICT trial [115] and a study from the Spanish Sleep and Breathing Network [116] , who also completed the prospective observational cohort discussed earlier [78] . The PRE-DICT trial demonstrated that CPAP therapy in older people with symptomatic SDB reduced subjective and objective sleepiness while improving quality of life. The magnitude of the improvements was similar to that seen in middle-aged patients and was cost-effective. The study by Martinez-Garcia et al. [116] further reinforced these findings, with additional improvements in behavioural, cognitive and quality of life outcomes.
Further reading
Continous positive airway pressure in older people with obstructive sleep apnoea syndrome (PREDICT): a 12 month multicenter randomized trial [115] This article reports the first and longest randomised control treatment trial of CPAP therapy in older people in the UK. It is also the first comprehensive economic analysis of CPAP therapy specifically in this population.
Current treatment trials results awaited
Although these trials are not specifically in older people, they do not have upper age limits and will hopefully add to the current evidence base particular in cardio and cerebrovascular disease.
Sleep Apnoea in TIA/Stroke: Reducing Cardiovascular Risk with Positive Airway Pressure (Sleep Tight)
This 12-month RCT was designed to evaluate whether a diagnosis and treatment intervention strategy for sleep apnoea results in a reduction in the five domains of cardiovascular risk markers among patients at high risk of both sleep apnoea and cardiovascular events.
Sleep Apnoea Cardiovascular Endpoints Study (SAVE)
This is a multicentre RCT to determine the effects of nasal CPAP in preventing cardiovascular disease in high-risk patients with moderate-to-severe OSA.
Adherence to CPAP treatment in older people
SDB can be treated effectively with CPAP therapy, but it is often a lifelong condition. Furthermore, the minimum and optimal hours of use required to improve various outcomes has not been established.
There is limited information on the adherence to CPAP therapy in older people. The last systematic review on adherence to CPAP prior to the recent RCTs discussed above [117] identified three studies evaluating adherence to CPAP therapy in patients with an average age of 65 years and over: one by Russo-Magno et al. [118] in patients with an average age of 73 years and one by Bravata et al. [119] in patients with an average age of 66 years, and Woehrle et al. [120] presented a subgroup analysis in patients 60-70 years and patients 70 years of age and older. Although none of the three studies reported the proportion of patients using CPAP at specified time-points from treatment initiation, they suggested that CPAP compliance is similar in older and middle-aged populations.
In the recent large RCTs [115, 116] , the compliance was lower, which reflects the intentionto-treat statistical analysis and may not reflect clinical practice. Certainly, age has not been identified as a risk factor for lower adherence to CPAP therapy [117] . Moreover, the observational studies in frail, older patients with Alzheimer's disease [121] demonstrated good adherence.
Although there have been systematic reviews of additional measures to support and enhance CPAP adherence, such as educational and behavioural modification, there is no work specifically in older people, but likewise, nothing to suggest any apparent disadvantage [122] .
Additionally, new technologies that enable remote titration and follow-up of CPAP therapy may need special adaption for older patients or may indeed be advantageous in frail elderly populations who may not be able to attend traditional hospital-based appointments. This technology will require detailed assessment in selected patient groups to identify how we can use it optimally and cost-effectively.
Overall summary
SDB is a common condition in older people and with an ageing population, increasingly, clinicians will be asked to assess older patients with SDB. There is increasing evidence to suggest older patients with SDB have at least similar consequences to younger populations. Until recently, there were few RCTs examining the treatment of SDB in older adults; there is now good evidence to support treatment in the form of CPAP therapy. A 73- year-old male is referred to your sleep clinic for investigation of EDS. His self-reported Epworth Sleepiness Scale score is 10 out of 24, yet his wife reports that he has been increasingly sleepy over the last couple of years, and falls asleep shortly after waking and while he is having his breakfast. He is known to snore and has done for many years, but due to his disability, he and his wife sleep in separate rooms, and there have been no witnessed apnoeas and he is not aware of any choking or gasping episodes. He goes to bed at approximately 23:00 and wakes at 08:00. He wakes two to three times during the night to go to the toilet. He is an ex-smoker, having quit 22 years ago, and drinks up to 9 units of alcohol a week. He drinks up to two cups of coffee a day. He is retired but he and his wife live independently, and he uses a mobility scooter or wheelchair when out. He also continues to drive, which is important for his independence. His past medical includes secondary progressive multiple sclerosis and recurrent urinary tract infections. His medication includes tolterodine 4 mg modified release once daily, calcium and vitamin D supplements, lansoprazole 15 mg once daily, and tizanidine 4 mg three times daily. His blood pressure is 154/66 mmHg with a heart rate of 60 beat⋅min −1 . He weighs 82 kg with a BMI of 23.9 kg⋅m −2 and a collar size of 38 cm. On examination, his oropharynx is normal and his chest is clear. His oxygen saturation is 98% on air. His restless leg score is 11 out of 40, and his Hospital Anxiety and Depression Scale scores are anxiety 0 and depression 4, which are all within the normal range.
Case study

What factors could contribute to the symptom of EDS in this patient?
What further investigations if any would you request?
An overnight pulse oximetry study is performed. The patient completes the study successfully. His average overnight oxygen saturation is 92.7% with a 4% oxygen desaturation index of 43 events⋅h −1 . His mean heart rate is 53 beat⋅min −1 (figure 1). As yet, there remains little evidence for treatment in frail older populations, and challenges remain in how to stratify frail older patients with comorbidities and how best to assess the effectiveness of CPAP therapy; further patient-centred outcomes may be required in this specialised population. It has been recognised there is an inequality of research in older people [123] and although clinical guidelines play an important role in improving healthcare for people with long-term conditions, it is well recognised they often fail to address the effect of comorbidity and polypharmacy [124] . Age should not be considered a barrier to assessment and treatment of SDB in older patients. 
What treatment would you recommend for this patient?
What advice would you give to this patient about driving?
